Climate factors such as aridity significantly influence soil carbon (C) and 15 nitrogen (N) stocks in terrestrial ecosystems. Further, soil composition plays an important role in driving changes of soil C and N stocks at regional scale. However, it remains uncertain whether such changes result from the variation of different soil particle-size factions or the C and N concentrations in those fractions. We examined the distribution of total C and N in both bulk soil and different soil particle-size 
gradient. We hypothesized that: (1) concentrations and stocks of C and N in soil particle-size fractions would be negatively correlated with increasing aridity; and (2) soil C and N stocks would decline with increasing aridity due to both an increase in the relative proportion of sand to silt and clay and a decrease of C and N 105 concentrations in the three soil fractions.
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Fifty-eight sites were set up along the transect at an interval of 50-100 km. The location and elevation of the sampling sites were measured by GPS (eTrex Venture, Garmin, USA). For each site, one large plot (50 m×50 m) was selected and five subplots (1 m×1 m) were designated within the large plot (the four corners and the Biogeosciences Discuss., doi:10.5194/bg-2015-651, 2016 Manuscript under review for journal Biogeosciences Published: 18 January 2016 c Author(s) 2016. CC-BY 3.0 License.
center of the large plot). In each subplot, five soil samples (0-10 cm) were randomly 130 collected by a 3.0 cm diameter soil corer and then totally mixed them together as one composite sample which was then sieved through a 2.0 mm sieve. All of the soil samples were returned to the lab and then air dried for further analysis. Soil bulk density (BD) was calculated as the ratio of dry soil mass per unit volume of the sampling core and expressed as g cm -3 (Grossman and Reinsch, 2002) .
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Particle-size fractionation
Particle-size fractionation was completed by disrupting soil aggregates of bulk soil samples using ultrasonic energy and separating the particle-size fractions by a combination of wet sieving and continuous flow centrifugation (Chen and Chiu, 2003; He et al., 2009) . Briefly, 40 g of sieved soil (< 2 mm) following removal of 140 visible debris was dispersed in 200 ml of deionized water using a probe-type ultrasonic cell disrupter system (scientz-IID) operating for 15 min in the continuous mode at 361 W. We used a sieve to separate sand (particle size, 53-2000 μm) by manual wet sieving method with deionized water. Particles which consisted of silt (2-53 μm) and clay (< 2 μm) passing through the sieve during the wet sieving 145 process were collected. In order to separate slit from clay, the mixture of particles and water was poured into a 500 ml centrifuge bottles and centrifuged at 682 rpm for 5 min. During this procedure, only the silt fraction sinks to the bottom while the clay fraction remains suspended. The silt fraction was then re-suspended in 200 ml deionized water and re-centrifuged at 476 rpm; this procedure was repeated 5 times.
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The clay fraction was obtained by transferring the suspensions into new centrifuge GmbH).
Statistical analysis
All of the relationships between variables were explored by using simple linear regression analyses (58 sites with five subplots as replications in each site). We observed that the relationships were best-fitted by either a first-order equation or a 160 second-order equation. As the contents of sand, silt and clay in soils are not independent of each other, stepwise multiple regression analyses, which are highly conservative (Fornara and Tilman, 2008) , were used to determine the simultaneous effects of soil fraction composition and C and N concentrations in soil particle-size fractions on soil C and N stocks. All analyses were performed using SPSS V13.0
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(SPSS, Chicago, IL, USA).
Results
Soil particle-size fractions and BD across the aridity transect
Sand was the most abundant fraction for most sites, accounting for importance than parent material and topography in controlling soil type distribution (Barthold et al., 2013) . Therefore, we suspect that those factors associated with climate would be more important than other factors in structuring the pattern of soil particle-size distribution in our study sites.
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Our results showed that C and N concentrations were highest in clay, followed by silt, and much lower in sand across a 3000 km aridity gradient. This pattern, which may be caused because fine fractions in soil have high surface area which can enhance formation of organo-mineral complexes that protect SOM from microbial degradation (Hassink, 1997; Zhang and Liu, 2010) , supports previous findings that 255 soil fractionation is a useful tool for examining different C and N pools in soil (Amelung et al., 1998; Gerzabek et al., 2001; Stemmer et al., 1999) . 
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Supporting our first hypothesis, we found that C and N concentrations and stocks in soil particle-size fractions tended to be negatively correlated with increasing aridity. The higher aridity sites have lower primary productivity (Wang et Biogeosciences Discuss., doi:10.5194/bg-2015 -651, 2016 Manuscript under review for journal Biogeosciences moreover, they considered that MAP was better than MAT to model the variation of soil C stock in an Inner Mongolia grassland. In the present study, we quantified the relationship between soil C and N stocks and aridity, which combines MAP and
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MAT, across different sampling sites. Our results suggest that aridity is a robust predictor for the regional variation of C and N stocks in soil fractions.
We found that C stock in sand was first decreased and then increased along the aridity gradient, which seems paradoxical given the results that the C concentrations in sand linearly declined with increasing aridity while the content of sand linearly 280 increased with increasing aridity across the transect. The observed variation of C stock in sand across the transect may be due to the shifts of dominant controller for the C stock in sand across the aridity transect. Sand C concentration appears to be more important than sand content in driving the variation of sand C stock in the ecosystem with aridity value is less than 0.8 (where the C concentration in sand was 285 relatively higher and sand content was relatively lower). In contrast, sand content appears to be more important than C concentration in determining sand C stock when the aridity value exceeds 0.8. Our results highlight the importance of looking at both soil particle size and the C concentration of different particles in order to better understand the influence of aridity on soil C pools. readily mineralized from un-complexed organic matter in sand-sized aggregates whereas N is not, while silt tends to be more enriched in C than N (Christensen, 2001 ). We found that clay content and clay element concentrations were the most 315 important factors for predicting the variation of both the soil C and N stocks across this aridity gradient. Similarly, Burke et al. (1989) observed that clay was an important predictor of soil C for American grassland soils. Together, these results indicate differences in the relative importance of different soil particle-size fractions in driving soil C and N stocks, although it is generally accepted that the dynamics of 320 those two elements in soils are closely correlated (Finzi et al., 2011) .
This large-scale field investigation provides strong evidence that increasing aridity would reduce the soil C and N stocks in arid and semi-arid ecosystems due both to the changes of particle-sized fractions in soils (i.e. relatively more coarse fraction content, but less fine fraction content with increasing aridity) and to the 325 decline of C and N concentrations in each fraction. This study provides novel insights into the patterns underlying regional changes of soil C and N from a soil particle-size fractions perspective. Given the predicted increases in aridity in this century for the global drylands (Dai, 2013) , this study indicates that the soil C and N pools in those arid ecosystems may decline in the future. Because wind erosion 330 would lead to greater loss of relatively fine silt and clay particles (Yan et al., 2013) , our results suggest that land use practices which reduce wind erosion (e.g. reducing the intensity of grazing) will play an important role in sustaining soil C sequestration in dryland regions globally. Biogeosciences Discuss., doi:10.5194/bg-2015 Discuss., doi:10.5194/bg- -651, 2016 Manuscript under review for journal Biogeosciences Published: 18 January 2016 c Author(s) 2016. CC-BY 3.0 License.
